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ABSTRACT
Environmental DNA (eDNA) is an increasingly popular, sensitive, and cost- efficient method for studying biodiversity and de-
tecting species. This noninvasive approach involves collecting environmental samples that contain genetic material shed by 
organisms into their surroundings. Due to the method's sensitivity, robust decontamination strategies are crucial, with sodium 
hypochlorite, commonly known as bleach, frequently employed. Despite its widespread use, there is no consensus on the most 
effective bleach concentration, leading to inconsistencies in how the chemical is used in research. This study aimed to determine 
the minimum concentration of bleach needed for effective decontamination. Genomic DNA of signal crayfish was treated with 
various concentrations of bleach, ranging from 0.01% to 5% (w/w). Results were observed using Qubit High Sensitivity reagents, 
quantitative PCR, agarose gel electrophoresis, and the Agilent TapeStation. Our results indicate that a minimum concentration 
of 0.5% (w/w) bleach is sufficient to prevent the detection of genomic DNA by the techniques tested. These results provide im-
portant insights into the use of bleach for decontamination in eDNA research. Establishing a standard bleach concentration for 
decontamination protocols will help to reduce inconsistencies and enhance the reliability of eDNA studies.

1   |   Introduction

DNA has emerged as an invaluable tool with diverse applica-
tions spanning healthcare, agriculture, forensics, and data stor-
age. Notably, in the past decade, the utilization of environmental 
DNA (eDNA) has gained popularity for conducting biodiversity 
assessments and species monitoring (Bohmann et  al.  2014; 
Thomsen and Willerslev  2015; Miya  2022). When integrated 
with conventional survey methods, eDNA plays an instrumen-
tal role in the identification and monitoring endangered species 
(Mauvisseau et al. 2020), invasive species (Piaggio et al. 2014) 
and the inference of the presence of “dark taxa”—or taxa that 
are seldom observed and remain poorly understood (Boussarie 
et al. 2018; Saccò et al. 2022). Noteworthy advantages of eDNA 
include nondestructive sampling and minimal stress on the sam-
pled organisms, allowing for the detection of species with low 
population densities (Díaz- Ferguson and Moyer 2014). Given the 

delicate nature of eDNA studies, the implementation of reliable 
decontamination strategies is crucial (Goldberg et al. 2016).

DNA pervades natural environments ubiquitously, necessitating 
robust decontamination processes to eliminate unwanted DNA 
and prevent confounding, ambiguous or erroneous outcomes. 
Researchers across various disciplines have implemented di-
verse techniques and best practices to mitigate DNA contam-
ination. Common methods include UV exposure (Gefrides 
et  al.  2010), 70% ethanol treatment (Hoffmann, Fingerle, and 
Noll  2020) and sodium hypochlorite, commonly known as 
bleach (Champlot et  al.  2010; Huszarik et  al.  2023). Several 
studies have compared the effectiveness of various reagents 
and products, identifying bleach- based products as the most 
effective decontamination agents, albeit with variations in ap-
plication concentration, across diverse context such as surface 
decontamination of materials ranging from wood to insect gut 
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contents, and within forensic settings (Prince and Andrus 1992; 
Greenstone et al. 2012; Fischer et al. 2016; Nilsson, de Maeyer, 
and Allen 2022; Stoufer et al. 2023).

In eDNA studies, the potency of bleach used varies widely, rang-
ing from 1% to 20%. For example, a study monitoring microbial 
and arthropod communities associated with the Western hon-
eybee used 1% bleach to decontaminate all targeted sampling 
surfaces of preexisting eDNA prior to collecting fresh eDNA 
(Boardman et  al.  2024). Another study comparing effective 
capture and storage methods for aqueous macrobial eDNA de-
contaminated the buckets used for water collection by soaking 
them in 5% bleach (Spens et  al.  2017). Additionally, filtration 
and collection equipment were decontaminated with 20% bleach 
prior to sampling water of both high and low turbidity (Kumar 
et al. 2022). Variation of bleach concentration was also reported 
within the same study, where 2% household bleach was used 
to decontaminate an inflatable kayak, life jacket and paddle, 
whereas water filtering manifolds and similar equipment were 
decontaminated with 30% household bleach (Yates et al. 2021). 
A review of 75 published eDNA studies found that 59 did not 
specify any details regarding decontamination of sampling 
equipment, and only two specified the use of bleach yet without 
detailing the concentration (Dickie et al. 2018). To date, there is 
no common consensus regarding the usage of bleach in eDNA 
studies, especially regarding the most effective minimum con-
centration for decontamination, and a comprehensive explora-
tion into the most effective minimum concentration of sodium 
hypochlorite for eliminating DNA in an eDNA context is still 
pending.

In this study, we conducted an investigation aimed at address-
ing the aforementioned gap in existing literature regarding the 
impact of bleach on DNA decontamination within the field of 
eDNA. We focused on determining the minimum concentration 
of sodium hypochlorite required to completely inhibit the detec-
tion of genomic DNA utilizing common molecular methodolo-
gies and reagents prevalent in the eDNA field. Additionally, we 
aimed to observe the extent of double- stranded DNA fragmen-
tation following exposure to bleach. The overarching objective 
of this study is to provide practitioners and researchers engaged 
in eDNA analysis with critical insights, thereby enabling them 
to make informed decisions regarding the implementation of 
appropriate decontamination strategies in their experimental 
protocols.

2   |   Materials and Methods

2.1   |   Preparation of DNA and Sodium 
Hypochlorite

Genomic DNA was extracted from the leg tissues of a frozen 
specimen of signal crayfish (Pacifastacus leniusculus) using 
the GeneJET Genomic DNA Purification Kit (Thermo Fisher 
Scientific) according to the manufacturer's instructions. The 
eluted DNA was quantified using the Qubit 3.0 Fluorometer 
(Invitrogen). A commercially available, laboratory- grade sodium 
hypochlorite (bleach) (CHE3456, Scientific Laboratory Supplies 
Ltd) was diluted with appropriate volumes of molecular- grade 
water (UltraPure, Invitrogen) to prepare bleach solutions with 

available chlorine concentrations of 0.02%, 0.1%, 0.2%, 1.0%, 2%, 
and 10% (w/w). Subsequently, 20 μL of the extracted genomic 
DNA at 50 ng/μL was exposed to bleach by adding 20 μL of each 
bleach concentration to achieve final bleach concentrations of 
0.01%, 0.05%, 0.1%, 0.5%, 1%, and 5%. Additionally, 20 μL of un-
treated genomic DNA was included as a no treatment control. 
The mixtures were then incubated at room temperature for 
30 min, with all samples prepared in triplicate.

2.2   |   Ethanol Precipitation of DNA

In order to remove sodium hypochlorite for the subsequent am-
plification step, a modified version of the standard DNA etha-
nol precipitation protocol was used. Specifically, 20 μL aliquots 
from each of the above mixtures were combined with 380 μL of 
molecular- grade water. 40 μL of 3 M sodium acetate (Thermo 
Fisher Scientific) and 800 μL of ice- cold absolute ethanol (Fisher 
Scientific) were added to each sample. 1200 μL of the same ab-
solute ethanol was added to 40 μL of sodium acetate as a neg-
ative control. Following the addition of reagents, all samples 
were incubated at −20°C for 30 min, followed by centrifugation 
for 60 min at 4°C and 12,000 g. Subsequently, 1220 μL of the su-
pernatant was carefully removed from the top and quantified 
using the Qubit High Sensitivity reagents on the Qubit fluorom-
eter (Invitrogen). The remaining 20 μL of each sample was sub-
jected to vacuum drying at 45°C using a Centrivap Concentrator 
(Labconco). Post- drying, samples were resuspended in 20 μL 
of molecular- grade water, vortexed thoroughly, and quantified 
using Qubit High Sensitivity reagents.

2.3   |   Agarose Gel Electrophoresis

A 1.5% agarose gel was prepared using molecular grade agar 
(Meridian Bioscience) and electrophoresed in a buffer of sodium 
borate at 240 V for 20 min. Subsequently, the get was visualized 
and captured using the Syngene T:Genius imaging system in 
conjunction with GeneSys Software V1.5.5.0 (Syngene).

2.4   |   TapeStation Analysis

The fragmentation analysis of genomic DNA was conducted 
using the Agilent 4200 TapeStation (Agilent Technologies), an 
automated electrophoresis platform that assesses DNA quality 
and quantity. Specifically, the Genomic DNA Screen Tape, de-
signed to detect genomic DNA ranging from 200 to 60,000 base 
pairs (bp), was used. Peaks observed in the output graph corre-
sponded to the size (in bp) and quantity (measured as fluores-
cent units or FU) of DNA fragments within the sample.

Sample preparation and analysis procedures followed the 
manufacturer's instructions. Briefly, for each 1 μL of samples 
and Genomic DNA ladder, 10 μL of sample buffer (Agilent 
Technologies) was mixed and loaded into the machine. A new 
Genomic DNA Screentape (Agilent Technologies) was loaded 
into the machine, along with the necessary tips (Agilent 
Technologies). Each experimental concentration of bleach was 
represented by one sample, in addition to samples for no treat-
ment and negative controls. Supplementary samples included 
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molecular- grade water and genomic DNA that had not un-
dergone ethanol purification. The obtained results were ana-
lyzed and visualized using the TapeStation Analysis Software 
(Agilent Technologies, v.4.1.1) and bioanalyzeR (https:// github. 
com/ jwfol ey/ bioan alyzeR, v.0.10.0), respectively.

2.5   |   Quantitative PCR (qPCR)

Quantitative PCR (qPCR) was carried out for the detection of signal 
crayfish genomic DNA. Primer pairs targeting a 114 bp region of cy-
tochrome C oxidase subunit 1 (CO1) mitochondrial gene of signal 
crayfish, namely CO1- Pl- 02- F (TGAGCTGGTATAGTGGGAACT) 
and CO1- Pl- 02- R (AGCATGTGCCGTGACTACAA) (Mauvisseau 
et  al.  2018) were used for amplification. The assays were per-
formed on the StepOnePlus Real time PCR System (Applied 
Biosystems) under the following thermal cycling conditions: 
initial pre- holding at 56°C for 30 s, holding at 50°C for 5 min, de-
naturation at 95°C for 10 min, followed by 55 cycles of denatur-
ation at 95°C for 30 s and extension at 56°C for 1 min. Post- PCR 
holding was at 56°C for 30 s. Each sample was subjected to three 
PCR replicates, with each qPCR reaction containing 12.5 μL vol-
ume, comprising 6.25 μL of Environmental Mastermix (Applied 
Biosystems), 1.25 μL of molecular- grade water, 0.5 μL (10 μM) of 
each primer, 0.5 μL (2.5 μM) of TaqMan probe (Merck), 1.25 μL of 
10× Exo IPC Mix (Thermo Fischer Scientific), 0.25 μL of 50× Exo 
IPC DNA mix (Thermo Fisher Scientific) and 2 μL of experimen-
tal sample. Additionally, six no- template controls (NTCs) were in-
cluded, using 2 μL of nuclease- free distilled water instead of the 
experimental sample. Three no amplification controls (NACs) 
were included, where 2 μL of 10× IPC Blocker (Thermo Fischer 
Scientific) replaced the experimental sample. For comparative 

analysis, a series of triplicate serial dilutions ranging from 10−1 
to 10−6 of signal crayfish genomic DNA was also run in parallel 
with the experimental samples. The cycle threshold (Ct) values of 
each qPCR sample were recorded, and presence/absence was de-
termined based on these results.

3   |   Results

3.1   |   Fluorometric Quantification (Qubit) 
of Bleach- Treated gDNA

The mean DNA concentration observed in samples treated 
with 0.01% bleach was the highest of the treated groups, mea-
suring at 8.40 ng/μL (Figure  1, Table  1). DNA treated with 
0.05% bleach was the second highest at 8.09 ng/μL, followed 
by 0.1% treatment at 3.80 ng/μL. The untreated DNA had a 
mean concentration of 10.96 ng/μL. A decreasing trend in DNA 
concentration was observed across the treatments. DNA was 
detected in all replicates subjected to bleach concentrations 
0.01%, 0.05%, 0.1%, and in untreated DNA. All samples treated 
with 0.5% bleach or higher did not yield quantifiable DNA 
concentrations.

3.2   |   Visualization of Bleach- Treated gDNA on 
Agarose Gel Electrophoresis

Bands were visible in the samples treated with 0%, 0.01%, 
0.05%, and 0.1% bleach whereas no bands were present in 
those treated with bleach at concentrations of 0.5% and higher 
(Figure S1).

FIGURE 1    |    Detection of genomic DNA of signal crayfish across a range of bleach treatment concentrations from 0% to 5%, along with a negative 
control using (a) quantitative PCR (qPCR); and (b) Quantification of DNA using the Qubit fluorometer (dotted line), and the Agilent 4200 TapeStation 
(solid line). Across all methods, DNA was consistently detected in samples treated with 0%, 0.01%, 0.05%, and 0.1% bleach, whereas DNA was unde-
tected in 0.5% and higher. Ct values increased (indicating less detectable DNA), and DNA concentration decreased with increasing bleach treatment 
concentration.
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3.3   |   Assessment of Bleach- Treated gDNA on 
the TapeStation

The TapeStation analysis detected the presence of DNA in sam-
ples treated with 0.01%, 0.05% and 0.1% bleach, with fragment 
sizes peaking at 5387 bp, 5722 bp, and 5153 bp, respectively. 
Samples of 0.5%, 1%, and 5% did not show any peaks within the 
detectable range of the instrument, nor did the negative controls 
of ethanol and water (Figure 2). Readings for DNA concentra-
tions are shown in Table 2 and Figure 1B. There was an overall 
trend of decreasing DNA concentration as the bleach concentra-
tion increased. The untreated sample of DNA, that is, untreated 
but purified with ethanol precipitation, had a concentration of 
16.80 ng/μL, whereas DNA not subjected to ethanol purification 
showed 52.80 ng/μL.

3.4   |   Presence or Absence Determination 
Using qPCR

In all nine replicates of bleach concentrations at 0.01%, 0.05%, 
and 0.1%, signal crayfish DNA was consistently detected using 
qPCR. The average Ct values for positive samples ranged from 
23.07 to 23.95. A detection threshold was set at an average Ct 
value of 50 (Figure 1A, Table 3). The Internal Positive Control 
(IPC) was successfully amplified in all samples, and no am-
plification signal was observed in the No Template Controls 
(NTCs). Additionally, the IPC was effectively blocked in all No 
Amplification Controls (NACs), affirming the reliability of the 
experimental procedures in ensuring accurate detection and 
preventing false positives. In the dilution series, DNA remained 
detectable until 10−4, with Ct values gradually increasing to 
23.43, 26.99, 32.98, and 40.16. However, no DNA was detected in 
any replicate at dilutions of 10−5 and 10−6.

4   |   Discussion

The field of eDNA, often reliant on detecting trace amounts 
of DNA from environmental samples, necessitates robust 
decontamination protocols to ensure accurate and reliable 
results. Although practitioners commonly use bleach for 

decontamination, there is no consensus on the most appropri-
ate bleach concentration for eDNA protocols. High concentra-
tions of bleach, which is corrosive and an irritant, risk damaging 
equipment and clothing, and pose health and safety concerns, 
whereas low concentrations may lead to inaccurate results. In 
this study, we investigated the impact of various bleach concen-
trations from 0.01% to 5% on genomic DNA, utilizing the Qubit 
Flourometer, Agilent 4200 TapeStation, gel electrophoresis, and 
qPCR. Consistent results across all methodologies demonstrated 
that bleach concentrations of 0.5% and higher effectively inhib-
ited DNA detection and amplification.

Notably, fragment size analysis using the Agilent 4200 
TapeStation showed peaks at 5000 bp for samples treated with 
up to 0.1% bleach, but none for concentrations of 0.5% and 
above. This absence of peaks was unexpected, as bleach was 
anticipated to fragment DNA into smaller pieces. Although the 
minimum detection level of double- stranded genomic DNA for 
the Agilent 4200 Tapestation is 200 bp, suggesting the possibility 
that bleach fragmented DNA into pieces smaller than 200 bp, the 
complete absence of the target locus in the qPCR assay, as well 
as no detectable levels of double- stranded DNA from the Qubit 
Fluorometer and lack of visible bands on the agarose gel, possi-
bly suggest that DNA is modified into a undetectable form rather 
than being fragmented.

Despite its well- established sterilization capabilities, the pre-
cise mechanism by which bleach “eliminates” DNA remains 
elusive. Hypochlorite, the active chemical in bleach, is a po-
tent oxidizing agent known for its sterilization effects achieved 
through irreversible alterations to proteins (Winter et al. 2008). 
There are several possible mechanisms for DNA degradation 
upon exposure to bleach. The chlorination of nitrogenous bases, 
combined with the free radicals generated through oxidation, 
leads to the destruction of these bases, rendering them unde-
tectable (Whiteman, Jenner, and Halliwell  1997; Osinnikova, 
Moroshkina, and Mokronosova  2019). It has also previously 
been suggested that bleach induces strand breakage in DNA 
(Ohnishi, Murata, and Kawanishi  2002). Additionally, treat-
ment with bleach has been observed to enhance the propensity 
for cytosine deamination, a hydrolysis reaction wherein cyto-
sine is substituted by thymine (Riley  2019). Chromatographic 

TABLE 1    |    Quantification of double- stranded DNA concentration using the Qubit fluorometer (High Sensitivity) across various bleach treatment 
concentrations, ranging from 0% (untreated) to 5%, along with a negative control.

Sample DNA concentration (ng/μL)

Untreated DNA (0% bleach) 10.96

DNA treated with 0.01% bleach 8.40

DNA treated with 0.05% bleach 8.09

DNA treated with 0.1% bleach 3.80

DNA treated with 0.5% bleach Too low to be measured

DNA treated with 1% bleach Too low to be measured

DNA treated with 5% bleach Too low to be measured

Negative control Too low to be measured

Note: Quantifiable DNA was observed in samples treated with 0%, 0.01%, 0.05%, and 0.1% bleach, showing a gradual decline in concentration as bleach concentration 
increased. Samples treated with 0.5% bleach or higher showed no detectable DNA. Concentrations are expressed in ng/μL.

 26374943, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/edn3.70057 by T

est, W
iley O

nline L
ibrary on [21/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



5 of 8

analysis of nucleic acids treated with hypochlorite has demon-
strated rapid and nonspecific reactions, resulting in the produc-
tion of complex base derivatives, including 5- chlorouracil and 
5- chlorocytosine (Hayatsu, Pan, and Ukita 1971).

Various DNA quantification and detection methods were 
employed in this study, all revealing a consistent decline in 
detected DNA concentration with increasing bleach concentra-
tion. However, differences were observed, reflecting the vari-
ability inherent in DNA quantification methods and techniques 
(Eichmiller, Miller, and Sorensen 2016; Spens et al. 2017; Peixoto 
et  al.  2021). Comparative studies, such as the UK Biobank 
Genotyping project, indicate varied results among quantification 

methods (Welsh et al. 2017). Ancient DNA quantification com-
parisons showed the NanoDrop UV spectrophotometer and 
Qubit fluorometer reported higher concentrations than qPCR 
(Brzobohatá et  al.  2017). Discrepancies were also observed in 
the analysis of degraded DNA, spanning fluorescent dye- based 
techniques, spectrophotometry, and qPCR (Shokere, Holden, 
and Ronald Jenkins  2009). When detecting striped bass fish 
eDNA, a comparison was made between two qPCR platforms: 
a handheld Biomeme three9 and a conventional benchtop Mic 
thermal cycler, where the latter produced higher concentration 
estimates and fewer false negatives (Skinner et al. 2020). These 
findings underscore the complexity of DNA quantification and 
the need for methodological consistency in eDNA studies.

FIGURE 2    |    Size distributions analyzed with the Agilent 4200 TapeStation. (a) The TapeStation ladder; (b) raw genomic DNA; (c–i) genomic DNA 
treated with bleach at various concentrations from 0% to 5%; (j, k) ethanol and water used during purification. The peak at 100 bps represents an 
internal standard. The y- axis measures sample intensity against DNA fragment sizes in base pairs (bp), that is, peaks indicate the amount of DNA at 
different sizes. Samples treated with 0.5%, 1%, and 5% bleach, as well as ethanol and water controls, did not show any detectable peaks.
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Several limitations of the study exist. Firstly, varying concen-
trations of genomic DNA were not tested, nor was a variation in 
exposure time explored. Additionally, the fixed volume of bleach 
tested at 20 μL does not represent the variability that may occur 
in real- world field or laboratory settings during equipment de-
contamination. Furthermore, only dissolved DNA was tested, 
and not DNA bound to surfaces or materials such as filters or 
tubing, which may require different treatment protocols due to 
the properties of these materials. Moreover, further investiga-
tion is needed to determine the most effective concentration of 
bleach for eliminating PCR products or a higher load of DNA, 
especially for PCR amplicons or smaller DNA fragments with a 
high copy number.

Our findings demonstrate that a concentration of 0.5% (w/w) 
bleach at a very low volume effectively renders genomic DNA 
at a concentration of 50 ng/μL undetectable, even with highly 
sensitive methods such as qPCR. Based on these results, we rec-
ommend the use of bleach concentrations of 0.5% or preferably 
higher (e.g., 1%) for a minimum duration of 30 min to eliminate 
DNA contamination in both field and laboratory- based eDNA 
studies, regardless of whether DNA is fragmented or modified. 
Additionally, caution is advised when using household bleach 
for decontaminating equipment, as labeling practices differ 
between manufacturers. Some labels specify the percentage of 
available chlorine, whereas others indicate the sodium hypo-
chlorite content. The conversion between sodium hypochlorite 
concentration and available chlorine may vary slightly, depend-
ing on the specific density of the sodium hypochlorite solution. 
Most household bleach solutions contain approximately 5% 
sodium hypochlorite, generally equivalent to 6%–7% available 
chlorine, and available chlorine in bleach degrades over time 
(Gow et al. 2022). Therefore, appropriate dilution is necessary, 
depending on the type of household bleach used. Lastly, due 
to the reactive and unstable nature of the hypochlorite ion, a 
significant portion of residual bleach after decontamination is 
likely to decompose or react with other substances in the envi-
ronment. However, it remains prudent to ensure that all bleach 
is thoroughly rinsed off with water that has been verified to be 
free of the target species.
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unpurified genomic DNA. No detectable DNA was seen in the water, ethanol 
and samples treated with 0.5% or higher bleach concentration.

TABLE 3    |    Quantitative PCR (qPCR) results for the exposure of 
signal crayfish genomic DNA to bleach concentrations ranging from 0% 
to 5%.

Sample Presence Ct value

Untreated DNA (0% bleach) Y 21.027

DNA treated with 0.01% bleach Y 23.072

DNA treated with 0.05% bleach Y 23.065

DNA treated with 0.1% bleach Y 23.953

DNA treated with 0.5% bleach N N/A

DNA treated with 1% bleach N N/A

DNA treated with 5% bleach N N/A

Negative control N N/A

Note: DNA was detected up to 0.1% treatment, but not in higher treatment 
concentrations or the negative control. Across the board, Ct value showed a 
gradual increase alongside increasing treatment concentration.
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